Electronic structures of heme a of cytochrome c oxidase in the redox states--charge density migration to the propionate groups of heme a.
The electronic structures of heme a of cytochrome c oxidase in the redox states were studied, using hybrid density functional theory with a polarizable continuum model and a point charge model. We found that the most stable electronic configurations of the d electrons of the Fe ion are determined by the orbital interactions of the d orbitals of the Fe ion with the pi orbitals of the porphyrin ring and the His residues. The redox reaction of the Fe ion influences the charge density on the formyl group through the pi conjugation of the porphyrin ring. In addition, we found the charge transfer from the Fe ion to the propionate group of heme a in the redox change despite the lack of the pi-conjugation. We elucidated that the charge propagation originates from the heme a structure itself and that the origin of the charge delocalization to the heme propionate is the orbital interactions between the d orbital of the Fe ion and the p orbitals of the carboxylate part of the heme propionate via the pi conjugation of the porphyrin ring and the sigma* orbital of the C-C bond of the propionate group. The electrostatic effect by surrounding proteins enhances the charge transfer from the Fe ion to the propionate group. These results indicate that heme propionate groups serve electron mediators in electron transfer as well as electrostatic anchors, and that proteins surrounding the active site reinforce the congenital abilities of the cofactors.